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© Low-electric stress insulating wall for high voltage colls having roebeled strands and method 

therefor. 
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© A- wall structure for insulating the exterior 
surface of a high voitage coil having Roebeled 
windings is provided that comprises an inner 
insulating layer formed from a hardenable 
epoxy material for surrounding the coil and 
filling void 'spaces on the surface of the coil 
created by the Roebeled windings, a ground 
wall iayer surrounding the inner layer for 
grounding the wall structure, and a semicon- 
ductive layer formed from a carbon filled epoxy 
material Integrally molded around the outer 
surface of the inner insulating layer for reduc- 
ing the electric stress across the insulating layer 
and in particular across any voids remaining 
after the insulative layer has been applied over 
the Roebeled windings on the exterior of the 
coil. The Improved wall structure advan- 
tageously increases the lifespan of high voitage 
coils by reducing the electric stress across the 
inner molding layer, thereby reducing the prob- 
ability that damaging electric arcing will ever 
occur in any void spaces present in this iayer. 
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This invention generally relates to insulators for 
covering a high voltage component having an irregu- 
lar surface, and Is specifically concerned with an 
insulating wall structure for covering a high voltage 
coil having Roebeled strands on its outer surface that 5 
tend to create unwanted void spaces in the insulating 
material forming the wall. 

Wall structures for insulating the high voltage 
coils used in power-producing alternators are known 
in the prior art Such wall structures are made after the 10 
coil strands have been consolidated Into a cofl stack 
by applying strips of a material treated with an insula- 
tive, thermosetting epoxy over the top and bottom sur- 
faces of the coil stack. The coil and the strips of 
epoxy-treated material are then placed within a heat- 15 
able press assembly which simultaneously heats and 
compresses the strips of epoxy-treated material 
which causes them first to liquefy and to fill the space 
between the irregular surfaces on the coil exterior, 
and then to harden. A mica tape ground wall Is formed 20 
around the consolidated coil and vacuum impreg- 
nated with an epoxy resin. The ground wall is com- 
pleted by applying a conductive varnish over the 
Impregnated mica tape. The resulting Insulated coll is 
then assembled within a power-generating alternator. 26 

In order to minimize the losses which would occur 
in these coils as a result of unwanted eddy currents, 
the windings of these coils are Intertwined In a braid- 
like form known as a Roebel bar. The outer surfaces 
of such Roebel bars are highly discontinuous, as the 30 
relatively thick and flat strands do not smoothly align 
with one another on the same plane on the surface of 
the coil, but instead disjointedly overlap. The surface 
discontinuities presented by the twisted and overlap- 
ping Roebeled strands tends to create a number of air 33 
gaps in the outer surface o| the coll (known as "void 
spaces" in the art) which provide potential sites for 
unwanted arcing if each such gap is not completely fil- 
led with insulating material. 

Unfortunately, the prior art technique of applying 40 
hardenable, melted epoxy material under pressure to 
the outer surface of such coiis does not always com- 
pletely succeed in filling all of the arc-inducing voids 
around the outer surface of the high voltage coils. 
Consequently, in many of these coils, air bubbles 4S 
remain in the epoxy insulating material after it hardens 
under pressure. These air bubbles can form sites of 
electric discharges when the coils are operated at 
their normal voltages of around 20 kilovolts, and 
experience has shown that even small amounts of so 
arcing in a relatively few number of void spaces can 
severely curtail the expected 40 year life span of such 
coils to less than 20 years. 

Clearly, there is a need for a new technique of 
applying an insulating wall around high voltage coils ss 
having Roebeled strands on their outer surfaces 
which Is more effective In eliminating the presence of 
any void spaces between the windings of these coils. 



Ideally, such a wall structure should be capable of not 
only reducing the number of such spaces, but of 
further reducing the electrical stresses which occur 
within these voids. Finally, it would be desirable if the 
fabrication of such a new and improved wall structure 
were compatible with previous manufacturing devices 
and techniques, so that the manufacturing facilities for 
such structures would not have to be completely rep- 
laced. 

The invention is an improved wall structure for 
insulating the exterior surface of a high voltage com- 
ponent that comprises an inner layer formed from an 
insulating material disposed over the surface of the 
component, an outer ground wall for grounding the 
wall structure, and a layer of semiconductive material 
for reducing the electric stress across the inner 
insulating layer. The semiconductive layer is prefer- 
ably disposed between the outer surface of the inner 
Insulating layer, and the inner surface of the ground 
wall. The improved wall structure may further com- 
prise a connection means between the high voltage 
component and the layer of semiconductive material 
to further lower the electric stress over the inner 
insulating layer. 

The insulating wall structure of the invention is 
particularly adapted for use on a high voltage coil hav- 
ing Roebeled strands on its outer surface. When the 
invention is applied to such a coil, the inner insulating 
layer is preferably formed from a hardenable, non- 
conductive material such as epoxy which is effective 
in filling void spaces on the surface of the component 
which arise as a result of the irregular geometry of the 
Roebeled strands. Additionally, the semiconductive 
layer is likewise preferably formed from a hardenable 
material such a carbon-filled epoxy so that both the 
Insulating layer and the semiconductive layer can be 
integrally molded into a single strong wall structure. 
The semi-conducting properties of the semiconduc- 
tive layer effectively reduces the electric stress across 
the inner insulating layer, and In particular across any 
small pockets of air which might be present In the 
insulating layer as a result of the failure of the harden- 
able epoxy to completely fill all of the numerous void 
spaces present on the coil. The invention is particu- 
larly applicable to coils having Roebeled strands 
which are operated at between 20 and 24 kilovolts, 
Under such operating conditions, the resistance of the 
semiconductive material forming this semiconductive 
layer may be between about 5,000 and 50,000 ohms 
per square, and is preferably on the order of between 
8,000 and 20,000 ohms per square. 

The invention further contemplates a method for 
forming an insulating wall structure around an electri- 
cal component such as a high voltage coil having 
Roebeled strands on its exterior that applies only a 
small amount of electric stress to its insulating layer. 
In this method, a hardenable, insulating material such 
as epoxy is liquefied and then applied around the 
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outer surface of the component under pressure to fill 
void spaces created by the presence of the Roebeled 
strands, At the same time, a hardenable, semlconduc- 
tive material such as carbon-filled epoxy is applied 
around the outer surface of the insulating layer so that 5 
both the inner insulating layer and the semiconductive 
layer harden together to form a single, Integral wall 
structure. 

Figure 1 is a perspective view of a coil section ' 
having Roebeled windings on its top and bottom 10 
ends that is Insulated by means of a prior art 
insulating wall structure; 

Figure 2 illustrates how the coil section shown in 
Figure 1 frts within the slots of the stator assembly 
of an alternator; 1S 
Figure 3 is a perspective view of a coil section 
having Roebeled strands on its top and bottom 
ends that are insulated by the wall structure of the 
invention; 

Figure 4 is a partial cross-sectional view of the 20 
coil illustrated in Figure 3 along the line 4-4, illus- 
trating both the semiconductive layer and the 
connective interface between this layer and the 
top coil strand of the coil section; 
Figure 5 is a cross-sectional view of a coil section 25 
insulated by means of an alternate embodiment 
of the invention, wherein the semiconductive 
layer does not entirely circumscribe the array of 
coil strands, but only covers the top and bottom 
ends of the strand array; 30 
Figures 6A and 6B are schematic diagrams illus- 
trating how the semiconductive layer of the 
insulating wall of the invention increases the 
capacitance between the outer surface of the 
array of high voltage strands and the outer sur- 35 
face of the Inner Insulating layer, and thereby low- 
ers the electric stress applied to the inner 
insulating layer, and 

Figure 7 is a graph comparing how the electric 
stress applied across an insulating wall structure 40 
increases with voltage for both the prior art coil 
section illustrated in Figure 1 (which is shown in 
dotted lines), and the improved insulating wail 
structure of the invention (shown in solid lines). 
With reference now to Figures 1 and 2 f wherein 45 
like numerals designate like components throughout 
all the several figures, the purpose of the invention is 
to provide an insulating wall structure for a high volt- 
age component, such as a high voltage coll section 1 
of the type used is power-generating alternators. so 
Such coil sections 1 include an array 3 of consolidated 
copper strands 4, each of which is generally rectan- 
gular In cross section. In the array 3, these strands 4 
are arranged in rows and columns. Such strand arrays 
3 include one or more ventilation passageways 5 55 
which conducts a heat-dissipating gas, such as hyd- 
rogen, during the operation of the coil section 1 in an 
alternator or other electro-dynamic machine, in the 



strand array 3 Illustrated in Figure 1, this ventilation 
passageway 5 is located between two stacked col- 
umns of strands 4 as shown. Such passageway typi- 
cally houses a ventilation tube (not shown). Such 
ventilation passageways may, in the alternative, be 
incorporated in some of the strands 4 themselves. 
The array 3 of coil strands 4 Is normally completely 
covered by an insulating wall structure 7, shown in 
cross section near the rear portion of the perspective 
view of the coil section 1 illustrated In Figure 1. 

While the Insulating wall structure of the Invention 
may be advantageously used in conjunction with any 
one of a number of high voltage components, it is par- 
ticularly adapted for use with a high voitage coil sec- 
tion 1 of the type used In power-generating 
alternators. Such coil sections 1 are, in operation, 
mounted within the slots 9 of the stator assembly 1 1 
of such an alternator (see Figure 2). In order to 
maxim fee the efficiency of such power-generating 
alternators, It Is Important to eliminate or at least 
reduce the amount of unwanted eddy currents flowing 
through the array 3 of copper strands 4 that forms 
each of these coil sections 1 . Accordingly, the strands 
on the top and bottom ends 13,14 are "braided" to 
form Roebeled strands 15a,b arid 16a,b respectively, 
(see Figure 1). Such "braided - Roebeled strands 
15a,b and 16a,b have been shown to effectively neut- 
ralize energy-wasting eddy currents which would 
otherwise flow freely through the strand array 3. 
Unfortunately, the twisted, overlapping geometry of 
such Roebeled strands 1 5a,b and 1 6a, b forms a num- 
ber of Irregular regions 1 8a,b,c on the top and bottoms 
ends 13,14 of the strand array 3, It Is difficult for the 
insulating epoxy materiai which forms the bulk of the 
insulative wall structure 7 to completely fill these reg- 
ions 18a,b,c without the formation of air bubbles 
which create void spaces. However, before the prob- 
lems associated with the formation of such void 
spaces can be fully appreciated, a more specific 
understanding of both the structure and the assembly 
of all the insulating materials between and around the 
strands 4 of the array 3 is necessary. 

With reference again to Figure 1, the individual 
strands 4 of the coil 1 are insulated from each other 
by paper-thin insulative sheets 20, which may be for- 
med from thin glass cloth that has been impregnated 
with an insulating, epoxy resin. These layers 20 may 
be thin because even though the voltage conducted 
through the coll 1 may be as high as 24 kv, the voltage 
between individual adjacent strands 4 is only about 5 
volts, being caused only by the impedance of the indi- 
vidual coil strand 4 as the current makes its way 
through the cofl 1 . By contrast, the difference in poten- 
tial between the strands 4 of the coil 1 and ground is 
on the order of 20 kv. Accordingly, much heavier insu- 
lation in the form of the previously mentioned insula- 
tive wall structure 7 surrounds the entire strand array 
3. This wall structure 7 generally comprises an inner 
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insulating layer 26 formed from layers of epoxy impre- 
gnated Dacron\ felt which are applied over the top and 
bottom ends 13.14 of the strand array 3, and aground 
wall 27 formed from an insulating layer 26 of micatape 
impregnated with epoxy and disposed over the layer 5 
26 of felt and completely around the strand array 3 as 
shown, and an outer conductive layer 29 formed from 
conductive paint. In the manufacture of the prior art 
insulative wail structure 7, tape-like strips of insulating 
Mica Impregnated with epoxy 28 are wrapped all 10 
around the strand array 3 after the layer 26 of epoxy- 
impregnated Dacron* felt has been applied over the 
top and bottoms ends 1 3,14 of the strand array 3, and 
the entire coil section 1 is then simultaneously heated 
and compressed by means of a h eatable press is 
assembly (not shown) which brings the epoxy ma- 
terial in both the layers 26, 28 to above their fusing 
temperature, and finally to their curing temperature. 
To complete the wail structure 7, a layer of conductive 
point or varnish is applied over the outer surface of 20 
hardened epoxy and mica layer 28 to finish the ground 
wail 27. 

While the simultaneous liquefication and com- 
pression of the material that ultimately forms the inner 
insulating 26 does much to eliminate void spaces in 25 
the irregular regions 18a,b,c presented by the over- 
lapping Roebeled strands 15a,b and 16a,b, It unfortu- 
nately does not eliminate all such void spaces. 
Accordingly, even under carefully controlled man- 
ufacturing conditions, the failure of the liquefied and 30 
compressed epoxy resin to fill all of the irregular 
spaces on the top and bottom ends 13,14 of the coil 
array 3 can result in a significant manufacturing rej©c- 
tion rate of all such coil sections made. 

Figure 3 Illustrates the insulating wall structure 30 35 
of the Invention. Like the previously discussed prior 
art, the wall structure 30 of the Invention includes an 
inner, insulating layer 31 fotmed from a nonconduc- 
tive thermosettable epoxy material that is generally 
capable of filling the irregular spaces 1 8a,b,c formed 40 
by the Roebeled strands 15a,b and 16a,b. In the pre- 
ferred embodiment, layer 31 is formed from a combi- 
nation of mica paper and B stage epoxy. However, 
unlike the prior art wall structure 7, this structure 30 
includes a semiconductlve layer 32 between the inner 45 
insulating layer 31 , and the ground wall 27. In the pre- 
ferred embodiment, the semiconductive layer 32 is 
formed from a paste of carbon-filled epoxy material 
which may be fused into and hence structurally inte- 
grated with the nonconductive epoxy material forming 60 
the inner insulating layer 31 when the wall structure 30 
is manufactured by the simultaneous application of 
heat and pressure thereto. The resulting integrality of 
the layers 31 and 32 not only provides the same kind 
of structural integrity associated with the prior art wall 55 
structure 7; it further helps to prevent the formation of 
any additional void spaces between the two layers 31 
and 32. As is indicated in Figure 3, the exterior surface 



of the semiconductlve layer is covered by means of a 
ground wall 27 which Is Identical In structure to the 
ground wall 27 discussed with respect to the prior art. 

In the preferred embodiment, the resistivity of the 
semi-conductive layer 32 is chosen to be low enough 
so that the electric stress across the insulating layer 
31 is substantially lessened, but yet high enough so 
that no unwanted short circuiting is likely to occur be- 
tween individual strands in the array 3, Accordingly, 
when the voltage applied through the array 3 of coil 
strands Is on the order of 20 to 25 kllovolts, the resi- 
stance of the semiconductlve layer 32 Is chosen to be 
somewhere between 5,000 and 50,000 ohms per 
square, and more preferably between about 8,000 
and 20,000 ohms per square. 

In order to virtually eliminate any electric stress 
applied to the insulating layer 31, the semi-conductive 
layer 32 of the insulative wall structure 30 of the inven- 
tion may be electrically connected to one of the 
strands 15a,b or 1 6a,b on either the top or bottom end 
1 3,14 of the strand airay 3 by means of a connection 
Interface 35. Structurally, this connection interface 35 
is merely an opening in the insulative filler material 
forming the inner Insulating layer 31 through which the 
semiconducting epoxy resin that forms the semi-con- 
ducting layer 32 may penetrate when the epoxy mate- 
rials forming both the layers 31 and 32 are 
simultaneously subjected to both heat and pressure. 
When such a connection interface 35 is incorporated 
within the Insulative wail structure 30 of the invention, 
the total electrical potential experienced within the 
Insulating layer 31 la considerably lowered, as will be 
discussed in mora deta8 with respect to Figure 7. 
When such a connection interface 35 is used in con- 
nection with the Insulative wall structure 7 of the 
Invention, the resistance of the material forming the 
semiconductive layer 32 Is preferably higher than the 
resistance of this layer when no such connection 
interface 35 is provided. Specifically, this resistance 
should be about 10,000 ohms without the interface 
35, but raised up to a level of about 40,000 ohms per 
square when such an interface 35 is provided. 

Figure 5 illustrates an alternate embodiment of 
the insulative wall structure 30 of the invention, whe- 
rein the semiconductlve layer Is broken up into two 
layers 38a,b which cover only the top and bottoms 
ends 13,14 of the coil array 3. Because the insulating 
layer 31 completely isolates the Roebeled strands 
15a,b on the top end 13 of the array 3 from the 
Roebeled strands 16a,b on the bottom end 14 of the 
array 3, two connection interfaces 40a,b may be pro- 
vided which separately connect each of the semicon- 
ductive layers 38a,b to the coil array 3. This particular 
embodiment of the invention advantageously pro- 
vides somewhat better insulation around the high volt- 
age coil section 1 as a whole, since the sides of the 
strand array 3 are completely covered in insulating fil- 
ler material formed from the inner insulating layer 31 
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andtheinnerlayer28oftheground wal!27. However, 
because of the lack of semiconductive material in the 
side regions, the electric stress in the sides will not be 
reduced to the level that they are with respect to the 
first embodiment of the invention illustrated in Figure 5 
3. But this is only a small disadvantage, as most all of 
the void regions which might occur In the insulating 
material will occur at the top and bottom ends 13,14 
of the strand array 3, as these are the areas of the 
array 3 characterized by discontinuous surfaces. 10 

Figures 6A and 6B are schematic diagrams illus- 
trating the theory of operation of the invention. Speci- 
fically, Figure 6A represents how the ground wail 27 
and inner insulating layer 26 of the prior art wall struc- 
ture 7 essentially forms two series-connected capacl- is 
tors wherein the electrodes of the upper capacitor are 
formed by the conductive paint layer 29 and the inter- 
face between the mica and epoxy layer 28 of the 
ground wall and the semiconductor layer 32, and the 
electrodes of the lower capacitor are formed by the 20 
interface between the aforementioned layers 28 and 
32 ? and the surface of the strand array 3. The electric 
stress experienced by the insulating material forming 
the layer 25 is directly proportional to the reactance of 
the insulative wall structure 7, which in turn is 25 
inversely proportional to the capacitance of the 
capacitor schematically illustrated in Figure 6A. If we 
are to lower this reactance, then we must increase the 
capacitance of the insulative wall structure surround- 
ing the strand array 3. Figure 6B illustrates how this 30 
capacitance is indeed increased by the presence of 
the semi conductive layer 32 In the Insulative wall 
structure 30 of the invention. The conductive ability of 
the semiconductive layer 32 effectively reduces the 
distance between the capacitor plates formed by the 35 
surface of the strand array 3, and the interface be- 
tween the layer 28 and 32. Moreover, at least with res- 
pect to the Figure 3 embodiment of the invention, the 
area of the plates 3 and 29 is increased, as the stress 
is no longer located at only the top and bottom ends 40 
1 3,14 of the strand array 3, but now encompasses all 
sides of the strand array 3 due to the fact that the 
semiconductive layer completely surrounds the array 
3. This effective increase in capacitor plate size, coup- 
led with the decrease in the distance between the 45 
plates raises the capacitance (and hence lowers the 
reactance of the insulative wall structure 30) in 
accordance with the well known relationship of C = 
kA/d, where k is the dielectric constant, A is the area 
of the capacitor plates and d equals the distance be- so 
tween the plates. 

Figure 7 is a graph that compares the relative 
ability of the prior art insulative wall 7 to the ability of 
the insulative wall 30 of the invention in reducing elec- 
tric stress through the wall. The abscissa of this graph 55 
represents a quantity known as "tangent delta", which 
is proportional to the amount of current losses which 
occur in a coil section 1 as a result of unwanted arcing 



within the insulative wall which covers the coll 
strands, while the ordinate of the graph represents 
electric potential In kllovolts. Dashed graph A repre- 
sents how tangent delta increases over voltage with 
a prior art insulative wall structure 7, while solid line 
graph B illustrates how tangent delta increases with 
voltage for either of the two embodiments of the Inven- 
tion illustrated in Figures 4 and 5. A brief comparison 
of these graphs will show that not only is the tangent 
delta (and hence the electric stress) much lower for 
the insulative wall 30 of the Invention; the slope of the 
increase of this electric stress in the 20-24 kilovolt reg- 
ion is also far less in the Insulative wall structure 30 
of the invention. Solid line graph C illustrates how tan- 
gent delta increases with applied voltage for an embo- 
diment of the invention which includes the 
semi-conductive layer 31, but which does not include 
any connection interfaces 35,40a,b between an indi- 
vidual strand 4 of the strand array 3, and the semicon- 
ductive layer 31. While the electric stress Is not 
significantly lower at 20 kilovolts, it Is important to note 
that this stress actually slopes slightly negatively in 
the critical region between 20 and 24 kilovolts for such 
an embodiment of the invention, while the slope for a 
prior art insulative wall structure 7 increases at almost 
a 45 degree angle. 



Claims 

1 . A wall structure (30) for insulating the exterior sur- 
face of a high voltage component (1) having an 
inragular outer surface, characterized by an innar 
insulating layer (31) formed from a hardenable fil- 
ler material for filling void spaces (18a, b t c) 
created on the surface of said component as a 
result of said surface irregularities, an outer 
insulating layer (28) surrounding said inner layer 
(31), and a semiconductive layer (32) disposed 
between said Inner (31) and outer (28) Insulating 
layers for reducing the electric stress across the 
inner insulating layer (31) and in particular across 
any voids (18a T b r c) remaining after the harden- 
able material forming said insulating material has 
been applied over the surface of said component 
d). 

2. A wail structure (30) as defined in claim 1 , further 
characterized by a connection means (35) be- 
tween said high voltage component (1) and said 
layer (31) of semiconductive material to further 
lower the electric stress across said inner insulat- 
ing layer (31). 

3. A wall structure (30) as defined in claim 1, whe- 
rein said high voltage component (1) comprises a 
plurality of conductors (5) operated at different 
voltage levels, and further comprising a connec- 
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tlon means (35) between one of said plurality of 
said conductors (5) and said layer of semiconduc- 
tive material (32) to further lower the electric 
stress across said inner insulating layer (31). 

4. A wall structure (30) as defined in claim 1, whe- 
rein said component (1) l9 operated at between 
about 20 and 25 kllovolts, and said semiconduc- 
tive material has a resistance of between about 
8,000 and 20,000 ohms per square centimeter. 

5. A wall structure (30) as defined In claim 4, whe- 
rein said semiconductive material has a resist- 
ance of about 10,000 ohms per square 
centimeter. 

6. A wall structure (30) as defined in claim 1, whe- 
rein said semiconductive layer (32) is formed 
from a hard enable material that la integrally mold- 
able Into the outer surface of the Inner insulative 
layer (28). 

7. A wall structure (30) as defined In claim 6, whe- 
rein said Inner Insulative layer (31 ) is formed from 
non-conductive epoxy material, and said semi- 
conductive layer (32) is formed from carbon filled 
epoxy integrally molded onto said outer surface of 
the inner Insulative layer (31). 

8. A wall structure (30) as defined In claim 1, whe- 
rein said high voltage component (1) includes 
Roebeled windings (15a, b; 16a, b) on its outer 
surface, 



b) on the exterior of the coll (1 ). 

1 1 . A method for forming a wall structure (30) around 
an electrical component (1) having an irregular 

5 outer surface, characterized by the steps of: 

applying a hardenable, insulative material around 
the outer surface of the component (6) fill void 
spaces (18a, b, c) created by irregularities in the 
component (1) outer surface and to form an inner 

10 insulating layer (31), and applying a hardenable, 

semiconductive material around the outer surface 
of the insulating layer (31) before the material 
forming the insulative hardens to form a semicon- 
ductive layer (32) that is structurally integrated 

is with the inner Insulating layer (31) that reduces 

electric stress on said inner insulating layer (31) 
and in particular on those areas (1 8a, b, c) where 
a void space remains. 

20 12. A method as defined In claim 1, further charac- 
terized by the step of forming an electrical con- 
nection means (35) between said component (1) 
and said semiconductive layer (32) to further 
reduce electric stress on said Insulative layer 

25 (31). 

13. A method as defined in claim 11, further charac- 
terized by the step of forming a ground wall (27) 
having a conductive outer layer (24) for grounding 
30 said wall structure (30). 



9. A wall structure (30) as defined In claim 8, whe- 35 
rein said semiconductive layer (32) is between 
about 0.3 and 0.6 cm in thickness, and said com- 
ponent (1) is a coil operated at between 18 and 

25 kv formed from Roebel windings (15a, b; 16a, 

b). 40 

1 0. A wall structure (30) for insulating the exterior sur- 
face of a high voltage coil (1) having Roebeled 
windings (15a, b; 16a, b) on its exterior, charac- 
terized by an Inner insulating layer (31) formed 45 
from a hardenable epoxy material for surrounding 

said coil (1) and filling void spaces (18a, b, c) on 
the surface of the coil (1) created by said 
Roebeled windings (15a, b; 16a, b), a groundwall 
(29) surrounding said inner layer (31) for ground- so 
ing said wall structure (30), and a semiconductive 
layer (32) formed from a carbon filled epoxy ma- 
terial Integrally molded around the outer surface 
of the inner insulating layer (31) for reducing the 
electric stress across the insulating layer (31 ) and 55 
in particular across any voids (18a, b, c) remain- 
ing after said insulating layer (31) has been 
applied over the Roebeled windings (15a, b; 16a, 
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